Development of advanced display and lighting technology such as field emission displays and plasma display panels requires phosphor which has a high efficiency and low degradation. Particle sizes and the locations of dopants in the hosts take an important role in the luminescence emissions of phosphors. ZnO nanoparticles are widely employed in plasma field emission display devices and well investigated; however, lanthanide (Ln 3+ ) doped ZnO needs more investigations. In ZnO:Eu the lanthanide ions (Eu 3+ ) may occupy either Zn 2+ lattice site or on surface of ZnO crystal. The emissions of Eu 3+ ion on the surface are the characteristic of Eu 2 O 3 , which leads to weak luminescence emission. To observe such phenomena, nanoparticles of ZnO, 2 at.% Eu 3+ doped ZnO (ZnO:Eu) and ZnO:Eu covered with yattria matrix were prepared by wet chemical method at low temperature. The prepared nanoparticles were characterized by XRD and TEM. XRD data reveal the significant phase segregation of the annealed nanoparticles compared with lower heated samples. This phase segregation of Eu 3+ ion establishes responsible for the decrease luminescence intensity of annealed ZnO:Eu nanoparticles compared with the as-prepared ZnO:Eu nanoparticles. Improvement on luminescence emissions could be achieved only for the as-prepared ZnO:Eu nanoparticles while covered with yattria matrix.
Introduction
ZnO is a direct band gap semiconductor of band gap 3.2 eV at room temperature and one of the potential mate-rials in various display devices [1] [2] . Luminescent properties of ZnO can be improved by doping ZnO with transition metals or lanthanide ions. Extensive luminescence studies have been carried out some of the systems like ZnO:Eu, ZnO:Mn, ZnO:V, ZnO:W etc. [3] - [7] , since the last three decades. As the luminescent properties of Eu 3+ ions in different crystallographic environments are well understood, it can be used as a probe to monitor the structural changes taking place around it, when doped in different inorganic materials. Among them, luminescent properties of ZnO:Eu system have been investigated by a number of authors [3] - [7] keeping in mind its potential applications as materials in field emission display devices. Our previous luminescence studies of ZnO:Eu nanoparticles showed that there were no energy transfer between the host ZnO and Eu 3+ ions [8] . As the Eu 3+ ions have very poor solubility in ZnO, most of the Eu 3+ ions are lying on the surface of the ZnO particles, only few ions may be in the lattice site while annealing at high temperature results migration of Eu 3+ ions towards the grain boundaries (distorted environment) and segregation of Eu 3+ into separate Eu 2 O 3 phase. Both the phenomena produce significant reduction of their luminescent properties. Hence low temperature synthesis will be suitable Eu 3+ doped ZnO nanoparticles. Low temperature synthesis normally leads to smaller particle size. One way to circumvent this problem is to cover the surface of the nanoparticles with suitable inorganic materials or dispersion in organic/inorganic materials wherein the Eu 3+ 3 •3H 2 O dissolve in dil•HCl, warm the solution several times in excess double distilled water). Further 20 ml solution of 0.2 M strength of NaOH added to the above mixture then heated slowly at the same reaction temperature. A thick milky white precipitate could be obtained, the reaction continues another three hours, the precipitate so obtained was extracted by centrifugation in excess ethanol. This powder sample was the ZnO:Eu/Y 2 O 3 nanoparties. The powder samples so obtained were dried for further characterization and luminescence measurements.
Characterization
X-ray diffraction studies were carried out using a Philips powder X-ray diffractometer (model PW 1071) with Ni filtered Cu-K α radiation. The lattice parameters were calculated from the least square fitting of the diffraction peaks. The average crystallite size was calculated from the diffraction line width based on Scherrer relation: d = 0.9λ/Bcosθ, where λ is the wavelength of X-rays and B is the half maximum line width.
All luminescence measurements were carried out at room temperature with a resolution of 3 nm, using a Hi-tachi Instrument (F-4500) having a 150 W Xe lamp as the excitation source. Powder samples were mixed with methanol, spread over a quartz plate, dried at 100˚C and mounted inside the sample chamber. All Transmission Electron Microscopy (TEM) images are done using CM 200 Fillips. Figure 4 shows the emission spectra of pure (a) as-prepared, (b) 500˚C and (b) 900˚C heat-treated ZnO nanoparticles excited at 320 nm. In as-prepared sample the pattern consists of a sharp peak around 390 nm superimposed over a broad peak centered around 500 nm. Weak luminescence emission at 465 nm could be detected in this sample. Based on the previous photoluminescence studies of ZnO nanoparticles [12] - [14] , the peak around 390 nm has been attributed to the near band edge emission due to the exciton emission [12] , that of 465 nm emission is due to excitons on the surface of ZnO nanoparticles and that around 500 nm has been attributed to the defects present in the ZnO lattice or the deep level electrons [11] - [18] . In 500˚C heat-treated sample the emission at 466 nm is dominant over the 390 and 500 nm emissions, this emission is due to the native defect of ZnO nanoparticle or the emission due to surface trap excitons. For the sample heat-treated at 900˚C, the green emission around 500 nm is dominated over the band edge emission 390 nm and that of surface trap emission 466 nm. The green emission of ZnO is still on debate [17] - [23] , but in our observation this emission is due to oxygen vacancy [10] . In order to confirm the exact peak positions of luminescence emissions, the photoluminescence emission spectrum of 900˚C heat-treated ZnO nanoparticle is deconvoluted with Gaussian fitting (chi square = 0.9988) as shown in Figure 5 . It is observed two peaks centered at 390 and 504 nm. The emission of native defect state could not be detected. It is observed that the UV-emission and the visible light emissions of ZnO nanoparticles depend on the particle size. Figure 6(a) . Heating the sample at 500˚C there is significant reduction in the Eu 3+ luminescent intensity as seen from Figure 6 (b) and on further heating at 900˚C no emission could be observed from the sample (Figure 6(c) ). Partial phase segregation of Eu 3+ ions as well as Eu 3+ incorporation in the grain boundaries (distorted regions) are responsible for the significant reduction in the luminescence intensity of heated samples. These results are supported by XRD data, decreased in the lattice parameter values of the ZnO:Eu nanoparticles for higher heat-treatments at 500˚C and 900˚C. It is worth to mention, even though the luminescence emission intensities decrease with the raise heat-treatment temperatures, the peak positions of the emission lines do not change i.e. the emission lines are still at 615 nm. Figure 7 shows the emission spectra corresponding to as-prepared ZnO:Eu/Y 2 O 3 nanoparticles along with their heat-treatments at 500˚C and 900˚C. There are two strong emission lines due to f-f transitions of Eu 3+ ions at 5 D 0 → 7 F 1 and
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Here opposite phenomena could be observed compared to heat-treated ZnO:Eu nanoparticles, strong emission peaks of Eu 3+ ions could be detected for the heat-treated ZnO:Eu/Y 2 O 3 samples and luminescence intensity also increased with the increase heat-treatment temperature. It also observes in the emission lines that the peak positions of the heat-treated samples are shifting towards lower wavelength side (at 610 nm) compared to the as-prepared sample (remain at 615 nm). Why such phenomena could be observed in the emission spectra of ZnO:Eu/Y 2 O 3 samples? It is clearly observed the luminescence emission intensity of as- ions i.e. Eu 3+ ions by forming weakly bonded Eu 2 O 3 and will be leading weak luminescence emission from such particles [9] . To confirm these emissions are either from ZnO:Eu or Y(OH) 3 particles, 2 at.% of Eu 3+ ion doped Y 2 O 3 was prepared at the same reaction temperature (the preparation procedure was similar to LR Singh et al. [9] except using NaOH in place of urea). Comparison of luminescence emissions of the as-prepared ZnO:Eu and Y(OH) 3 :Eu are shown in the supplementary Figure 1 . It is observed the luminescence emission of ZnO:Eu is strong whereas that of Y(OH) 3 [9] [24]- [26] . It is worth to mention that the peak positions of the heat-treated samples are found at 610 nm, these spectra are identical with heat-treated Y 2 O 3 :Eu [9] . The substitution of Y 3+ by Eu 3+ are supported by XRD data that the unit cell volume of Y 2 O 3 increased with the increase of heat-treatment temperatures. As the heat treatment temperatures increased more Eu 3+ ions are leaving ZnO particles then migrate towards the Y 2 O 3 lattice, where it feels an environment different from that of ZnO. That is why narrow and sharp Eu 3+ emission lines at 610 nm could be observed in the luminescence emission spectra of annealed ZnO:Eu/Y 2 O 3 samples. Figure 8 shows the comparisons of luminescence emission spectra of as-prepared ZnO:Eu and the ZnO:Eu nanoparticles covered with in yattria matrix (ZnO:Eu/Y 2 O 3 ), it is obvious that the luminescence emission of ZnO:Eu nanoparticles covered with in yattra matrix can be significantly improved its luminescence intensity compared to ZnO:Eu particles. The luminescence emission intensity of ZnO:Eu nanoparticles in yattra matrix is10 times than the ZnO:Eu nanoparticles. This result will be useful for the further understanding of these systems of particles. It is expected the solubility of Eu 3+ ions in ZnO are poor and most of the lanthanide ions may be on the surface of the ZnO particles or on the grain boundaries. These lanthanide ions migrates towards the amorphous environment of Y 2 O 3 consequently reduces surface ions in ZnO. The surface lanthanide ions enhanced non-radiative transition leading weak luminescence emission, due to this ZnO:Eu covered with in Y 2 O 3 have more intense compared to ZnO:Eu nanoparticles. For further confirmation of location of Eu 3+ ions in ZnO:Eu/Y 2 O 3 nanoparticles the excitation spectra are taken by monitoring at 615 nm for as-prepared and heat-treated samples as shown in Figure 9 . The pattern consists of a broad peak around 250 nm for the heat-treated samples which are the characteristics of Eu-O charge transfer band in Y 2 O 3 lattice [1] [27] . Such Eu-O charge transfer band could not be observed in as-prepared ZnO:Eu/Y 2 O 3 nanocrystals but only the f-f absorption band at longer wavelength could be observed. This simply confirms that in as-prepared sample the [9] . Asymmetric ratio A 21 for as-prepared ZnO:Eu/Y 2 O 3 nanoparicle is found to be 3.4 that of heat-treated at 500˚C and 900˚C are found to be 4.8 and 5.3 respectively. This simply indicting the that co-ordination of Eu-O could be improved for the annealed samples, the Eu 3+ ions are leaving ZnO and making co-ordination with Y 3+ . The co-ordinations of Eu-O are also increase with the increase of annealing temperature. But the result is contrary with ZnO:Eu systems, in these system the asymmetric ratio decreases with the increase of annealing tem- 
Conclusion
Nanocrystals of ZnO, Eu 3+ doped ZnO (ZnO:Eu) and ZnO:Eu covered with in Y 2 O 3 could be successfully prepared at low temperature by wet chemical method in polyethylene glycol medium. Luminescence emission of pure ZnO nanoparticles depends on their particle sizes. However, there is a significant reduction in the luminescence intensity of annealed ZnO:Eu compared with the as-prepared ZnO:Eu which can be attributed to the partial phase segregation of Eu 3+ ions as well as the incorporation of Eu 3+ ions in the grain boundaries leading to distorted environment. The phase segregation and the incorporation of Eu 3+ ions at the grain boundaries can be significantly reduced by incorporating the ZnO:Eu nanoparticles in Y 2 O 3 .
